Sec61p is the channel-forming subunit of the heterotrimeric Sec61 complex that mediates co-20 translational protein import into the endoplasmic reticulum (ER). In yeast, proteins can also 21 be post-translationally translocated by the hetero-heptameric Sec complex, composed of the 22 Sec61 and the Sec63 complexes. The Sec61 channel is also a candidate for the dislocation 23 channel for misfolded proteins from the ER to the cytosol during ER-associated degradation 24 (ERAD). The structure of the Sec61 complex is highly conserved, but the roles of its N- 25 terminal acetylation and its amphipathic N-terminal helix are unknown so far. To gain insight 26 into the function of the Sec61p N-terminus, we mutated its N-acetylation site, deleted its 27 amphipathic helix, or both the helix and the N-acetylation site. Mutation of the N-acetylation 28 site on its own had no effect on protein import into the ER in intact cells, but resulted in an 29 ERAD defect. Yeast expressing sec61 without the N-terminal amphipathic helix displayed 30 severe growth defects and had profound defects in post-translational protein import into the 31 ER. Nevertheless the formation of the hetero-heptameric Sec complex was not affected.
In vitro post-translational translocation assay 185 Microsomes were prepared as described in Pilon et al. (1997) [28] . ppαF was translated and 186 35 S-methionine-labeled in vitro using the Rabbit Reticulocyte Lysate System (Promega) 187 according to the manufacturer's instructions (2 μg RNA per 50 μl reaction) and translocated 188 into wildtype and mutant microsomes at 20ºC for the indicated times. Individual reactions 189 were set up as follows: 3 μl of B88 (20 mM HEPES-KOH, pH 6.8, 250 mM sorbitol, 150 mM 190 KOAc, 5 mM Mg(OAc) 2 ), 1 μl of 10x ATP mix (10 mM ATP, 400 mM creatine phosphate, 2 191 mg/ml creatine kinase in B88), 5 μl of translation reaction product, 0.6 eq of microsomes (1 192 μl 
N-terminal acetylation at S2 of Sec61p plays a role in ERAD 273
Tunicamycin-sensitivity is often associated with defects in export of misfolded proteins from 274 the ER to the cytosol [36]. We therefore conducted cycloheximide chase experiments to 275 monitor the decline of the steady state levels of the commonly used soluble ERAD substrate 276 CPY* in the sec61S2Y, sec61∆H1, and sec61∆N21 strains [32] . We found that the half-life of 277 CPY* increased approximately 2-fold in sec61S2Y compared to the wildtype strain ( Fig. 2A) .
278
In the helix deletion mutants sec61∆N21 and especially sec61∆H1 CPY* accumulated in the 279 ER during the chase, suggesting that post-translational import of CPY* into the ER was still 280 taking place after protein biosynthesis had been inhibited with cycloheximide ( Fig. 2B ). 281 13 Whether or not ERAD was also affected in these mutants remained unclear, even when we 282 extended the chase to 90 min (data not shown). We conclude that N-acetylation of Sec61p at 283 S2 is required for ERAD of misfolded soluble proteins. As the results shown in Fig. 2B suggest an ER import defect or an ERAD defect for 288 sec61∆H1 and sec61∆N21, we decided to investigate import directly. We first monitored co- Sec61p had no effect on post-translational import of ppαF in vivo (Fig. 3B, left panel) . In 302 addition, cytosolic accumulation of ppαF in sec61S2Y was not increased at 37°C, despite the 303 temperature sensitivity of the sec61S2Y mutant (see Fig. 1B ). In the cold-sensitive sec61-32 304 control strain, however, ppαF levels were increased at 20°C (Fig. 3B, left panel) . As shown in Post-translational protein import into sec61S2Y, sec61∆H1 and sec61∆N21 microsomes 318 is impaired in vitro 319 As subtle translocation defects can be masked by the abundance of Sec61 channels in intact 320 cells, to further explore a potential impact of the sec61S2Y mutation on protein import into the 321 ER, we investigated the ability of sec61S2Y microsomes to import ppαF in vitro [18, 37] . The 4A). In vitro the sec61S2Y mutation led to a reduction in the import of ppαF into yeast 326 microsomes (Fig. 4A ), and this post-translational import defect was more substantial 327 compared to the one found in intact cells (compare Fig. 4A vs. Fig. 3C, left panel) . We also 328 attempted to investigate ppαF import into sec61∆H1 and sec61∆N21 microsomes (Fig. 4B) . Sec61ΔH1p and Sec61ΔN21p was dramatically reduced compared to wildtype, suggesting 343 that Sec61p without its N-terminal helix is prone to aggregation (Fig. 5A , Sol. fractions).
344
Although we could only solubilize small amounts of Sec61ΔH1p and Sec61ΔN21p, we were 345 able to detect amounts of both variants in the Con A fractions although the ratios of 346 Sec61ΔH1p and Sec61ΔN21p to Sec63p in the ConA fractions were lower compared to 347 wildtype (Fig. 5A, ConA fractions) . In contrast, we observed a dramatic loss of both mutant 348 sec61 protein variants from the ribosome-associated membrane protein (RAMP) fractions 349 ( Fig. 5A ). We found Sec63p in comparable amounts in the Con-A and RAMP fractions of 350 wildtype, sec61∆H1, and sec61∆N21 membranes, but there was more Sec63p in the "Free" 351 fraction in the mutants compared to wildtype (Fig. 5A, bottom panels) . Our data suggest that By contrast, either the stability of the Sec61 complex or its interaction with ribosomes 356 seemed to be compromised in the absence of the N-terminal helix, as indicated by the reduced 357 amount of mutant Sec61p in the RAMP fractions (Fig. 5A, top panels) . Next, we therefore 358 investigated the stabilities of the sec61∆H1 and sec61∆N21 trimeric complexes directly. We The Sec61 complex mediates protein import into the ER, and is also a candidate channel for 378 the dislocation of ERAD substrates [3, 5] . To investigate the function of the Sec61p N-379 terminus in these processes in yeast, we characterized a set of sec61 N-terminal mutants. We 380 have shown here that N-acetylation of Sec61p at S2 is important for ERAD ( Fig. 2A) , and 381 may contribute to post-translational import into the ER (Fig. 4A) , whereas its N-terminal 382 amphipathic helix is essential for post-translational import into the ER and is required for 383 stability of the Sec61 complex (Fig. 3C, Fig. 5B ).
385
Role of Sec61p N-acetylation 386 We investigated Sec61p function in the sec61S2Y mutant, in which Sec61p is not acetylated at 387 its canonical NatA consensus serine at position 2 after methionine cleavage, but rather at the 388 uncleaved initiator methionine, and in two new sec61 mutants: one carrying a deletion of the 389 N-terminal helix but preserving the N-terminal acetylation site in its original sequence 390 context, sec61ΔH1, and one lacking both the N-terminal acetylation site and the N-terminal 391 helix, sec61ΔN21 (Fig. 1A) . The mutant strains stably expressed Sec61p at wildtype level 392 (sec61ΔH1) or approximately 40% of wildtype (sec61S2Y and sec61ΔN21, data not shown).
393
In a GAL shut-off experiment ER translocation defects only occurred when Sec61p levels fell 394 below 20% of wildtype, and we observed no effect of sec61S2Y on cotranslational and only a 395 marginal effect on posttranslational import in vivo, confirming that Sec61p was not limiting in 396 our N-terminal sec61 mutant cells (KR, unpublished; Fig. 3A, 3B , 3C, left panels). N-397 acetylation at the initiator methionine can target soluble proteins for degradation by the Ac/N-398 end rule pathway, but since Sec61S2Yp was stable in a cycloheximide chase over 3 h this 399 does not seem to be the case for our mutant protein (data not shown) [39] . Since mutation of 400 18 the N-terminal acetylation site did not influence the stability of Sec61p, but resulted in lower 401 expression levels, our data suggest that N-acetylation at S2 may play a role in biosynthesis of 402 Sec61p.
404
Although sec61S2Y cells were temperature-sensitive, incubation at higher temperature 405 did not affect co-or post-translational import (data not shown; Fig. 3B, left panel) . In in vitro 406 experiments with limiting amounts of microsomes and adjusting for equal amounts of Sec61p 407 and Sec61S2Yp, however, we detected a reduced post-translational import of ppαF into 408 sec61S2Y microsomes (compare Fig. 4A vs. Fig. 3C, left panel) . This difference between the 409 sec61S2Y effect in intact cells and in the cell-free assay might be due to an increase in 410 mutation-associated instability of Sec61p as a consequence of the microsome preparation 411 procedure. N-terminal acetylation has been shown to increase N-terminal helicity and affinity 412 for physiological membranes, and although N-acetylation in the sec61S2Y mutant is 413 preserved, the helix stabilizing effect is likely lost due to the increased bulk of the N-terminus 414 generated by the presence of both the initiator methionine and the tyrosine at position 2 [40] . 415 Thus, the S2Y mutation will lead to fraying of the N-terminal helix, which is essential for 416 post-translational import (below).
417 418 Fig. 2A shows that CPY* retrotranslocation to the cytosol is considerably delayed in 419 the sec61S2Y mutant. Since the mutant has no protein import defect in vivo (Fig. 3) , this effect 420 is likely direct. The defect in ERAD of CPY* was not exacerbated in sec61S2Y cells at higher 421 temperature, thus the temperature-sensitivity of the mutant remains unexplained (data not The sec61∆H1 mutant was the only N-terminal sec61 mutant that displayed a 428 significant UPR induction, although it preserves the N-acetylation site (Fig. 1D ). Since the 429 mutant protein is stable, this is unlikely to be a result of Sec61∆H1p eliciting the UPR itself 1C). The growth defect was caused by a strong post-translational import defect (Fig. 3B, 3C , 438 right panels), which -due to the overlap between import and export during the chase -made it 439 difficult to evaluate possible ERAD defects in the helix deletion mutants (Fig. 2B) . In 440 addition, we found that all sec61 N-terminal mutants including sec61S2Y were synthetically 441 lethal with an inefficiently translocating post-translational ER import substrate that clogs the 442 channel, suggesting that the Sec61p N-terminus enhances efficiency of post-translational 443 protein import into the ER (data not shown) [42] . the Sec63 complex required for post-translational import is compromised in the absence of 448 the N-terminal helix. We examined this by Con A precipitation of solubilized Sec complexes 449 ( Fig. 5A ), but to our surprise found no reduction in Sec complex formation in the mutants 450 ( Fig. 5A) . Instead, we found a dramatic loss of Sec61p from the RAMP fractions of 451 sec61∆H1 and sec61∆N21 membranes, suggesting reduced affinity of mutant Sec61 452 complexes for ribosomes or reduced Sec61 complex stability (Fig. 5A) . be compromised if the helix is missing [10] . Given that we observed no DPAPB import 479 defects in sec61∆H1 and sec61∆N21 cells (Fig. 3A, right panel) , the Sec61 complex lacking 480 the N-terminal helix seems to be sufficiently stabilized by the ribosome to function during co-481 translational protein import into the ER. Our data suggest that, in the absence of the N-482 terminal helix of Sec61p, the Sec61 complex is unstable, and that its interactions with the 483 Sec63 complex are insufficient to stabilize the channel for post-translational import. 
